This invention relates to an improved method for acidiz ing an oil bearing formation to prevent precipitation of iron compounds in the formation following treatment.
BACKGROUND OF THE INVENTION
Acidizing of oil wells became a fact of life in the production of crude oil about a half century ago when it was discovered that a solution of hydrochloric acid injected into the formation would increase the extraction of crude oil from the formation. Almost as soon, it was discovered that the injection of this acid carried with it into the formation an iron scale from the tubing through which the acid was injected into the formation. The iron scale was dissolved from the pipe and added to iron-containing minerals from the formation. As the acid became spent through the reaction with materials in the formation and the iron itself, the pH of the spent acid began to rise and consequently, the solubility of the iron in the acidizing solution began to decrease.
Precipitation of ferric hydroxide and other iron containing compounds cause serious damage to the flow channels in the formation and often would result in the formation producing less, not more, crude oil. Early calculations show that enormous amounts of iron would be carried into the forma tion and precipitated unless something was done.
One of the early attempts is described in an article "Secondary Deposition of Iron Compounds Following Acidizing Treatments', C. F. Smith, C. W. Crowe, and T. J.
Nolan III, SPE-AIME, Dowell Div. of The Dow Chemical Co., Journal of Petroleum Technology, September 1969. This early article suggested adding sequestering agents to prevent the precipitation of iron. In a later article "Evalua tion of Agents for Preventing Precipitation of Ferric Hydrox ide from Spent Treating Acid', C. W. Crow, Dowell Div. of Dow Chemical U.S.A., Member SPE-AIME, SPE-12497, indicated that fifteen years later, in 1984, the treatment of choice was still to add sequestering agents or iron stabilizers to the acids in order to prevent the precipitation into the formation. It is notable that one of the co-authors of the 1969 article is the author of the 1984 article.
Later, in a 1988 article, "Iron Control Additives for Limestone and Sandstone Acidizing of Sweet and Sour Wells', B. E. Hall, Chevron Geoscience Co., and W. R. Dill, Halliburton Services, Member of SPE-AIME, SPE-17157, continues to discuss the prevention or iron precipitation through iron sequestration using ethylene diamine tetraace tic acid (EDTA), a well-known chelating agent for iron. A number of other strong chelating agents are discussed in the article.
A consistent theme runs through the discussion of acid treatment of subterranean oil bearing formations relating to the problems of iron precipitation as is discussed consider ably in the 1983 article, "The Planning, Execution, and Accordingly, until now, for a half century the problem has existed with respect to the precipitation of iron hydroxide from the spent acid used in acidizing a formation. Another ineffective attempt to solve the problem was to treat the interior of the tubing with an acid solution to remove the mill scale and bring it back to the surface with sequestering agents, but in many cases even this is not feasible since many wells for which acidizing is a necessity, are completed in a way which prevents such circulation. Another attempt has been to push clean tubing down the interior of the production tubing such that production tubing is not con tacted with the acid during the acidizing process.
As seen above, many attempts have been made to solve the problem of iron precipitation, but even after half a century the problem remains unsolved and a source of frustration for those in the oil production business.
Accordingly, it is an object of our invention to provide an improved method for the acidizing of producing formations penetrated by a wellbore such that at least the presence of mill scale in an acidizing solution is effectively eliminated.
SUMMARY OF THE INVENTION
The object of this invention is accomplished by our improved method of acidizing an oil producing formation which is penetrated by a wellbore and completed with tubing which joins the formation to production equipment on the surface. In the practice of our invention, prior to the injection of the acidizing solution through the tubing, an acidified solution of an acid insensitive, iron sensitive surfactant is injected through the tubing. The surfactant, being iron sensitive, reacts with the iron in the mill scale on the interior surface of the tubing through which the acid solution will subsequently be injected. The surfactant reacts with the iron and forms a film, more like a scum in a bathtub, which, when followed by the injecting of acidizing solution, prevents contact with the surface of the tubing by the acidizing solution and, therefore, prevents the reaction between the iron and the subsequently injected acid solution. The amount of surfactant injected is an effective amount to coat sufficient area of the tubing to significantly reduce the amount of iron contacted by the tubing mill scale. Thus, this component of the iron content in the acidizing solution is effectively eliminated.
Thus, the acidizing solution will pass through the tubular goods without picking up a significant quantity of iron and be more effective in the formation itself. The likelihood of precipitation of iron in the formation will be diminished. Iron may still be precipitated by virtue of the presence of an extraordinary amount of iron in the formation itself which materially depletes the strength of the acid and allows the pH to rise to a precipitating level. However, the prevention of the presence of the mill scale from the tubing makes other treatments such as sequestering agents, if used in the acid, more effective.
DETAILED DESCRIPTION OF THIS INVENTION
In the production of oil from a subterranean formation penetrated by a wellbore and communicating with the sur 5,520,251 3 face between the formation and production equipment on the surface through tubing or casing, commonly called tubular goods, the production of oil has, for at least half a century, been enhanced by the injection of an acid solution, usually hydrochloric acid or hydrofluoric acid to react with compo nents of the producing formation to improve the permeabil ity of the formation. This invention is an improvement over such acidizing method by providing that, prior to injecting the acid solution into the tubular goods, an aqueous solution of a surfactant selected for its properties of being sensitive to iron but insensitive to acid, is injected through the tubing in the wellbore. When we indicate that a surfactant is iron sensitive, we mean that it will readily react with iron, particularly the iron in the surface of the tubing through which it is injected and form a film, often more like a scum to coat the interior surface of the tubing. The selection of such a surfactant can be determined by simple tests by those who would practice this invention. When we say it is acid insensitive, we mean that the acid will not precipitate the surfactant. The film formed by the surfactant reacted with the iron will allow the acidizing solution to flow by through the tubing without materially degrading the film formed on the surface of the iron by the reaction of the iron sensitive surfactant with the iron of the tubing. Thus, the reaction between the iron and the acid, whereby iron would go into the acid solution, is effectively prevented.
While any surfactant which meets the above criteria is suitable, and it is likely that others will be found in the future, the most preferred classes of surfactants are long chain aliphatic acids, polyglycol esters of such acids and phosphated aryl ethoxylates with the phosphate aryl ethoxy lates being especially preferred.
The long chain aliphatic acid useful for the practice of this invention would normally be those having about sixteen carbon atoms and above sixteen to about thirty, preferably from about twenty to about twenty-five carbon atoms, it being understood that mixtures of such aliphatic acids are acceptable, even though the number of carbon atoms in the aliphatic chain of some species may be more or less than set forth in the range preceding. In addition, these acids may be esterified with polyglycols, particularly polyethylene gly cols, polyethyleneglycol esters of fatty acids. It is important that the glycol moiety be water soluble thus practically dictating that it be a polyethylene glycol, the number of glycol units in the chain being relatively unimportant. Dieth ylene glycol (mw-106) is useful as is a polyethylene glycol having a molecular weight of about 1,500, for example. The preferred species of iron sensitive acid in sensitive surfac tants are the phosphated aryl ethoxylates. These materials are normally prepared by phosphating the ethylene oxide adduct of an aryl group having a labile hydrogen atom of sufficient strength to react with ethylene oxide. Normally, the aryl group would be a phenol or an alkyl substituted phenol, most preferably octylphenol or nonylphenol. Ethyl ene oxide is reacted with such compounds until an average of from about four to about twelve moles of ethylene oxide results. The nonionic surfactant thus produced is phosphated in a manner well known to those skilled in the art and may be used in the practice of this invention. Many commercial products are available which meet this basic criteria, the preferred such is sold as "TRYFAC" 5550 surfactant by Emory Chemical Company of Cincinnati, Ohio. It is a phosphated aryl ethoxylate having a density of 1.13. acidified to a pH of from about one to about four, preferably from about two to about three using an acid compatible with the acidizing solution to be used; i.e., hydrochlorine acid, hydrofluoric acid or acetic acid. Since this would occur at the well site, some of the formation acidizing solution itself could be used.
As the surfactant solution is injected through the tubing, the surfactant plates out by reacting through its iron sensi tivity with the iron on the tubular surface. The amount of acidified surfactant injected would be from about 0.005 to about 0.03 gallons per square foot of surface area of the tubular goods, preferably from about 0.008 to about 0.015. Thus, one of ordinary skill in the art could make simple calculations in order to provide a sufficient and effective amount of an acid insensitive, iron sensitive acidified sur factant to react with at least a substantial amount of the iron on the surface of the tubing but yet not to unnecessarily inject surfactant into the formation itself, even though, when properly injected, the residuum of the surfactant invading the subterranean production Zone would be insufficient to cause a significant damage to the formation. It is a plus of practice of this invention that we have found that the acidified iron sensitive, acid insensitive surfactant may be injected through the tubular goods at the same rate at which it is planned to subsequently inject the acidizing solution into the formation. Though not mandatory, such an injection rate provides for easy management of the acidizing job since the acidizing solution can follow the surfactant solution slug down the tubular goods and into the formation without the requirement for an adjustment in the injection rate.
While the injection of the acidified surfactant solution may not entirely prevent the pickup of iron from the tubing, surprisingly, the iron contribution from the mill scale during acidizing is dramatically reduced. Therefore, the addition of other agents to prevent iron precipitation is made more effective, if not eliminated.
EXAMPLE
The above-identified method was tested in the laboratory by taking six inch pipe nipple and flowing a 2% (by weight) acidified (pH of 2 with HCl) surfactant solution ("TRYFAC" 5550 surfactant-Emory Chemical, Cincinnati, Ohio). Water was then flowed through the nipple and through an untreated six inch pipe nipple. An equal amount of a 15% (by weight) solution of hydrochloric acid was flowed through each nipple with the effluent of each being collected. They were analyzed by atomic absorption analysis and showed that significant amounts of iron appeared in the untreated pipes effluent with only trace amounts of iron in the effluent from the treated pipe. Additional testing revealed that the protection offered by the film in the treated nipple lasted over several hours of acid injection, demonstrating that the improvement of this invention significantly reduces the danger of subsequent iron reprecipitation by prevention of the presence of iron from the tubular goods.
From the foregoing description and the above specific embodiments, those of ordinary skill in the art may make modifications and changes to the above improved method for acidifying oil wells without departing from the scope or intent of the above described invention.
We claim:
1. In a method for acidizing an oil producing formation penetrated by a wellbore and communicating with produc tion equipment on the surface through tubular goods which comprises, injecting a formation acidizing solution through 5,520,251 S the tubular goods into the formation, the improvement for preventing iron precipitation from the acid solution in the formation which comprises the steps of:
injecting through the tubular goods, prior to injecting the formation acidizing solution, an effective amount of an acid insensitive, iron sensitive acidified surfactant solu tion through the tubing to react with iron on the surface of the tubing to form a film to prevent reaction between the iron and subsequently injected acidizing solution.
2. The method of claim 1 wherein the acidified surfactant solution has a pH of from about 1 to about 4. 5. In a method for acidizing an oil producing formation penetrated by a wellbore and communicating with produc tion equipment on the surface through tubular goods which comprises injecting a formation acidizing solution through the tubular goods into the formation, the improvement for preventing iron precipitation from the acidizing solution into the formation which comprises the steps of:
injecting through the tubular goods, prior to injection of 7. The method of claim 5 wherein the pH of the acidified surfactant is from about 2 to about 3. 8. The method of claim 5 wherein the surfactant is a phosphated aryl ethoxylate. 9. The method of claim 8 wherein the phosphated aryl ethoxylate is a phosphated alkylphenol ethoxylate having an average of from about four to about twelve moles ethylene oxide per molecule.
